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Early Evidence for WaterEarly Evidence for Water

Lunar Prospector

Clementine

Lunar Prospector

Two previous missions, Clementine (1994) and Lunar Prospector (1999) 
gave us preliminary evidence that there may be deposits of water ice at 
the lunar poles.
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How could there be water at the 
lunar poles?

How could there be water at the 
lunar poles?

The Sun never rises more 
than a few degrees 
above the polar horizon so 
the crater floors are in 
permanent shadow. Clementine Mosaic - South Pole

1313

The crater floors are very 
cold with temperatures < 
-200° C (-328° F), so 
water molecules move 
very slowly and are 
trapped for billions of 
years.



Where could water ice come from?Where could water ice come from?

Over the history of the Moon, 
when comets or asteroids 
impact the Moon's surface, 
they briefly produce a very 
thin atmosphere that quickly thin atmosphere that quickly 
escapes into space.

Any water vapor that enters 
permanently shadowed 
craters could condense and 
concentrate there.
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The Missions…The Missions…

Lunar Reconnaissance Orbiter
LRO

Lunar Crater Observation
and Sensing Satellite

LCROSS
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Save $ and Time by Using an Existing 
Structure Designed to Carry Heavy 

Payloads During Launch
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EELV Secondary Payload 
Adapter or ESPA RingPut LRO on 

top

Use ESPA 

But how do you make a spacecraft out of 
something that looks like a sewer pipe?

Attach 
bottom of 
ESPA Ring 
to top of 
rocket

Use ESPA 
ring to make 
LCROSS 
spacecraft



Answer: Put Equipment Around the 
Rim and Tank in the Middle
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Propellant 
Tank

Solar Array

Integrated LCROSS Spacecraft

ESPA Ring

Equipment 
Panel (1 of 5)
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Functions
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Solar Array

Batteries

Science 
Instruments

LCROSS Viewed From Above 
without Insulation

Power 
Control 

Electronics

Command 
and Data 
Handling 
Electronics 
(including 
computer)

Attitude Control and 
Communications 
Electronics



Lunar
Reconnaissance
Orbiter 
(LRO)
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Centaur-LCROSS-LRO at TLICentaur-LCROSS-LRO at TLI

TLI = Trans-Lunar Injection = departure from Earth orbit to the Moon



LRO SeparationLRO Separation

This takes place less than 2 hrs after launch



30x216 km Quasi-frozen Orbit: up to 60 daysMinimum Energy Lunar Transfer: ~ 4 days

LRO Lunar OrbitLRO Lunar Orbit

Lunar Orbit Insertion Sequence: 2-4 days 50 km Polar Mapping Orbit: at least 1 year



LCROSS Lunar Flyby: L + 5 daysLCROSS Lunar Flyby: L + 5 days

Cameras aboard LCROSS should return exciting images as we fly by the Moon 5 days after launch
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Impact Observation Campaign



Public and Student Observation

Amateurs and students with 10 to 12-inch telescopes may 
be able to observe and image the impact plume, and 
participate in the mission science.



QuestionsQuestionsQuestionsQuestions


